Introduction
Currently, the procedures for treatment of diabetic mellitus with bariatric surgery mainly consists of 3 categories: surgeries for intake restriction, surgeries for poor absorption and surgeries with both effects. The intake restriction surgeries mainly include laparoscopic adjustable gastric banding and laparoscopic sleeve gastrectomy (LSG); the surgeries causing poor absorption mainly includes the laparoscopic biliopancreatic diversion; and the third classification have both the restriction and mal-absorption effects, including laparoscopic gastric bypass (LGB) (1) .
In the general view of most people, the reasons for the therapeutic effects concerning diabetes by the three kinds of surgeries were due to the intake reduction or mal-absorption, not improvement of insulin resistance or islet function (2) . Although some animal experiments showed that insulin resistance may be relieved after gastrointestinal bypass surgery (3). However, there was still no clinical study about evaluation of insulin resistance improvement after bariatric surgery.
In clinical practice, the common homeostasis model of insulin resistance index (HOMA-IR) was used to evaluate insulin resistance and functions of islet β cells. The results are significantly associated with the "gold standard", the glucose clamp results (4) . The standard of insulin resistance index (HOMA-IR) was different in every race, every country (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . The cut-off values of HOMA-IR in a specific population should be defined, so that, we could know whether someone's HOMA-IR was normal or not (7, 15) . But, until now there wasn't any definite cut-off value of HOMA-IR for the adult Chinese population ( Table 1 ).
The main purpose of this article was to analyze the remission effect of insulin resistance after LGB or LSG procedures through specific HOMA-IR cut-off values, to illustrate the curative mechanism of bariatric surgery excluding dietary factors.
Materials and Methods
The study was performed in accordance with the Declaration of Helsinki of the World Medical Association and was approved by the Beijing Shijitan Hospital, Capital Medical University. All patients signed an informed consent form for this investigation.
Subjects
The study included 67 patients with type 2 diabetes who underwent bariatric surgery in Diabetes Surgery Centre, Beijing Shijitan Hospital from April 1, 2012 to April 1, 2013. Patients who underwent laparoscopic sleeve gastrectomy were included in the LSG group (n = 35), while patients who underwent laparoscopic Roux-en-Y gastric bypass surgery were included in the LGB group (n = 32).
The criteria for the diagnosis of type 2 diabetes (T2DM) was in accordance with American Diabetes Association (ADA 2013) criteria (16).
Inclusion Criteria
Surgical indications were based on recommended criteria in the 2011 Chinese Expert Consensus on Surgical Treatment of Type 2 diabetes, including: (1) BMI ≥ 28 kg/m 2 ; (2) The patients aged ≤ 65 years; (3) The duration of diabetes ≤ 15 years; (4) Islet function above half of the normal lower limit.
Exclusion Criteria
(1) Type 1 diabetes disease. (2) Stress-induced hyperglycemia; hyperglycemia caused by liver disease, kidney disease or endocrine diseases; acromegaly; hyperthyroidism; drug-induced hyperglycemia. (3) Significant organ dysfunctions resulting in disability to tolerate surgery. (4) Islet function below half of the normal lower limit.
Methods
All patients were followed up for two years. Laboratory tests and anthropometric indexes were followed up and retrospective comparisons were taken. The cut-off value of HOMA-IR was 1.55 for men or 2.22 for women (18) which means patients with HOMA-IR ≥ 1.55 for men or HOMA-IR ≥ 2.22 for women were identified as insulin resistant, with HOMA-IR < 1.55 for men or HOMA-IR < 2.22 for women as within normal limit. In regard to definitions of "complete response" and "partial response", we used the experts consensus of the American Diabetes Association (ADA) in 2013 (16) : the partial response was defined as HbA1c < 6.5%, and fasting plasma glucose: 5.6-6.9 mmol/L for at least 1 year, under conditions of not receiving any medical and surgical treatment. The complete response was defined as HbA1c < 6.0%, and fasting plasma glucose < 5.6 mg/dL for at least 1 year, under conditions of not receiving any medical and surgical treatment. Complete response for over 5 years was defined as consistent response (19) .
Anthropometric indexes and laboratory indexes

Table 1. Main cut-off values of HOMA-IR in recent literatures
Sample size n = 4,816 n = 1,153 n = 1,156 n = 1,317 n = 2,804 n = 3,071 n = 1,036 n = 6,868 n = 3,203 n = 1,784 
Results
67 patients completed the 2-year follow-up among the 82 patients. 15 patients were lost to follow-up (18.2%). Among them, 10 patients (66.7%) were contacted by telephone. The major reason of loss to follow-up was busy work schedule (30%), family issues (20%), and moving to other city or country (20%). The mean age of the 67 patients that finished the follow-up was 43.5 ± 7.6 years old, and the BMI pre-surgery was 36.5 ± 6.8 kg/m 2 on average. The baseline values of the patients between the two groups did not show any significant difference ( Table 2) .
Two years after the operation, the patients in both groups showed a successful effect of weight-loss. EWL% increased from the 1 st month after surgery to the 12 th month, then it reached a platform stage. EWL% was 77.8% in the LSG group, and 76.2% in the LGB group at the 2 nd year after surgery. The LSG group showed a more significant effect of weight loss at the 3 rd , 6 th , and 9 th month after surgery (P = 0.026, 0.039, 0.046). In the subsequent follow-up, the patients in both groups showed stable effects of weight loss, without a significant difference in EWL% (Figure1).
During the 2 years follow-up after the operation, the partial curative rate was 72.9% in the LGB group and 67.5% in the LSG group, p = 0.355. The complete response rates of diabetic mellitus were 62.1% in the LGB group and 60% in the LSG group, and no significant difference was found between the two groups (p = 0.892) ( Table 3 ). According to the cutoff values of insulin resistance reported (18) , all the patients had various extents of insulin resistance presurgery, the mean value of HOMA-IR was 4.8 (3.8-7.6 
Operative procedure
One bariatric surgeon (Nengwei Zhang) performed all the bariatric procedures at Beijing Shijitan Hospital, and their patients comprised the cohort included in this study. F o r L G B s u rg e r y, a l l j e j u n o -j e j u n o s t o m y anastomoses were created using a stapled technique with a 60-mm cartridge. Gastrojejunostomy was in a sideto-side anastomosis using a linear stapler and a double layer running closure with a 3-0 VICRYL suture under the ante-colic approach with closure of the mesenteric defect.
LSG surgery was performed using a Gastroscope (12.5 mm diameter) as a stent. The staple line was created using a stapled technique with a 60-mm cartridge.
Statistical analysis
SPSS19.0 software was used for statistical analysis of the experimental data. Normal distribution continuous variables were presented as the mean ± standard deviation; non-normal distributed variables were index (HOMA-IR) of both groups showed significant reduction and reached a platform stage (Figure 2 ). The cut-off value of HOMA-IR was 2.38 (sensitivity: 0.938, specificity: 0.75) and 2.33 (sensitivity: 0.941, specificity: 0.778) respectively for complete remission after LSG or LGB surgery. HOMA-IR below the cutoff value at the 3 rd month was an important indicator for complete remission (Figure 3) .
Multivariate analysis by Logistic regression also showed that the recovery of insulin resistance at the 3 rd month after the operation was an independent factor for complete remission of diabetes. At the same time weight loss was not. At the 2 nd year after surgery, both HOMA-IR and EWL% were independent factors for cure of diabetes (Table 4) .
In the meantime we also examined GLP-1 and Ghrelin in both LGB and LSG groups ( Table 5 ). The results showed that in the LGB group, the level of GLP-1 at the 1 st month post-surgery raised significantly compared with pre-surgery (F = 18.79, P < 0.05), and then, kept stable at the 3 rd month and 6 th month postsurgery. Ghrelin in the LGB group post-surgery was a little higher than that pre-surgery, but it didn't show any statistical significance.
In the LSG group, the level of GLP-1 didn't show any change before or after surgery. But the level of Ghrelin at the 1 st month post-surgery was obviously lower than that pre-surgery, it showed statistical significance (F = 23.89, P < 0.05). And kept stable at the 3 rd month and 6 th month post-surgery.
Discussion
The current results of this study showed that the two bariatric surgery procedures, LGB and LSG, had similar efficacy as treatments for insulin resistance. The complete remission rates of the two types of bariatric surgeries were similar as well. Insulin resistance was significantly relieved prior to a significant change of their body weights, at the 3 rd month Figure 1 . Decrease of EWL% after operation (results represented as mean; Student t-test, p < 0.05 for significant difference). Two years after the operation, the patients in both groups showed a successful effect of weight-loss. The LSG group showed a more significant effect of weight loss within 6 months after the operation. In the subsequent follow-up, the patients in both groups showed stable effects of weight loss, without significant differences in EWL%. In LSG group, the EWL% reduction was 55. after surgery. This suggested that weight loss was not the only cause of diabetes relief. Most of the previous studies found that bariatric surgeries resulted in poor absorption, such as LGB, had greater efficacy in the postoperative reduction of HOMA-IR than the restrictive surgeries, such as vertical gastric banding. This phenomenon can be explained by the mechanism of foregut and hindgut effects. The foregut effect meant avoiding food contact with the proximal jejunum reducing the gastrointestinal secretion of anti-incretin. A hindgut effect meant that the food, which is not completely digested quickly enters the distal intestine, and stimulates the distal intestine to secrete increnin, including glucagon like peptide 1 (GLP-1), gastric inhibitory polypeptide (GIP) and peptide tyrosine-tyrosine (PYY) (20) (21) (22) . This study showed that LSG could also cause a similar postoperative effect for the early response of insulin resistance as that with LGB. The possible reason was that LSG, as a restrictive operation, also removed the gastric fundus, which would reduce the secretion of Ghrelin. Ghrelin secreted at the gastric fundus promoted appetite and decreased the secretion of insulin and enhanced insulin resistance (23, 24) . Therefore, inhibition of secretion of Ghrelin could also treat the diabetes and obesity (25) . Meanwhile, the soft and fragment diet after both LSG and LGB had the effects of restricting energy intake and shortening the intestinal transportation time which would promote the secretion of ducdenin (26, 27) .
For patients who had diabetes for a short duration, such as some patients in this study, insulin resistance, instead of dysfunction of beta-cells, was the major reason causing diabetes (28, 29) . GLP-1 and Ghrelin that changed significantly and were maintained at a stable level at the 1 st month post-surgery before the change of HOMA-IR and body weight may be the reason for reduction of HOMA-IR. Enhancing insulin sensitivity was an important treatment for diabetes. In this study, the decreased HOMA-IR at the 3 rd month post-surgery showed a reduction of insulin resistance, predicating good prognosis. It is consistent with the fact that the normal value post-surgery of HOMA-IR is an independent predictor affecting the complete response rate after operations.
All patients in this study achieved partial remission, and approximately 60% of the patients achieved a complete response. At present, similar comparison studies between LGB and LSG showed postoperative response rates were above 80% for both procedures (30, 31) . In our study, the relative low remission rate may be a result of the use of the remission criteria of ADA. This remission standard also requests maintaining the indicators for up to one year.
Some studies did not use the standard criteria for diabetes response, and some studies just indicated that withdrawal of drug therapy was remission; and some defined HbA1c < 6.5%, fasting blood glucose levels of < 125 mg/dL without a remission duration requirement as the complete remission standard (32, 33) . Significant errors may occur if a different response standard had been used in the comparison of the efficacy of LGB and LSG.
The limitations of the study were that it was a nonrandomized, retrospective study, in which the baseline parameters were not exactly matched between the two groups. Second, the sample size was not large which might increase sampling error. Third, the results were evaluated by HOMA-IR instead of the glucose clamp test, which was more accurate than HOMA-IR.
In summary, there were no statistical differences observed in the complete or partial remission rate of type 2 diabetes between the LSG and LGB group. In clinical practice, there was still lack of a definite and comprehensive standard for the selection of surgical styles for patients with diabetes mellitus. The metabolic surgeons chose a surgical plan according to the patient's will and interdisciplinary expertise. It is imperative to standardize the indications for surgical treatment of diabetes.
